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After developing job-exposure matrices (JEMs) for screen and sedentary time, we aimed to assess
the associations between the JEM-derived exposures and various ocular diseases. We collected

data from patients hospitalized from 2005 to 2021. JEMs were developed from 41,718 patients

with occupational information and screen and sedentary times. The adjusted means of screen and
sedentary time were calculated for 143 occupational groups and categorized into three classes based
on the tertiles. The associations between ocular diseases and these JEM-derived exposures were
examined using multivariable conditional logistic regression for 727,589 patients. The odds ratios of
the class with highest screen time were 1.05 (95% confidence interval, 1.01-1.09) for cataract, 1.24
(1.06-1.45) for primary open-angle glaucoma (POAG), 1.26 (1.06-1.49) for rhegmatogenous retinal
detachment (RRD), 1.49 (1.26-1.76) for ptosis, and 0.39 (0.27-0.57) for pterygium. The odds ratios
of the class with highest sedentary time were 1.05 (1.01-1.09) for cataract, 1.24 (1.05-1.46) for RRD,
1.68 (1.42-1.99) for ptosis, and 0.60 (0.42—-0.84) for pterygium. Both screen and sedentary time were
positively associated with cataract, RRD and ptosis. Interestingly, POAG had a positive association
with only screen time. Please check and confirm that the authors and their respective affiliations have
been correctly identified and amend if necessary."l have confirmed that the content is correct. No
amendments are necessary.Please check article title if captured correctly."?>"1 have confirmed that
the content is correct. No amendments are necessary.

Keywords Screen time, Sedentary behaviors, Occupational exposure, Risk factors, Glaucoma, Retinal
detachment, Ptosis

Visual display terminal (VDT)-related work refers to prolonged work using a monitor, such as a computer,
and has multiple effects of accommodative demand in near work and blue light from the screen and physical
effects of sitting for long hours. VDT work is associated with musculoskeletal pain in the neck and shoulders!.
and ocular manifestations, including dry eyes, eye strain, and visual field abnormalities®—>. Sedentary work, an
element of VDT-related work, is reportedly associated with obesity, diabetes, cardiovascular diseases (CVDs),
and some cancers®. However, there is limited information about the association with other diseases. Additionally,
the dose-response effect of these exposures remains unclear.

In contrast to the limited studies on screen and sedentary times at work, occupational or industrial history
information is commonly collected’!!. Assuming that different occupations involve different exposures,
job-exposure matrices (JEMs) have been used as tools to evaluate various exposure factors (e.g., chemical
agents, radiation, and workplace physical exposures) from occupational information'?~!*. By leveraging JEMs,
researchers could assess various exposures without direct measurements. In this study, we developed JEMs by
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evaluating the quantity of screen time or sedentary time according to occupation and industry groups. Therefore,
occupational history could serve as surrogate indicators of screen and sedentary times by using JEMs.

Applying JEMs to a large occupational history dataset allows us to reveal the risks of various diseases
associated with exposure to screen and sedentary times or either of them. Previously, we reported that screen
time was possibly associated with glaucomatous visual field abnormality>*; therefore, we aimed to verify whether
robust results could be shown using the present data. Furthermore, as there are limited findings regarding the
harmful effects of VDT-related work on the eyes®>, we investigated the association between other ocular diseases
and exposures to screen and sedentary times.

Subjects and methods

We conducted this study using the Inpatient Clinico-Occupational Database of Rosai Hospital Group (ICOD-R),
a large-scale survey by the Japan Organization of Occupational Health and Safety (JOHAS), which includes
approximately 250,000 cases per year from 34 regional core hospitals, as described in previous reports®1C.
The ICOD-R is a detailed investigation of diseases, lifestyles, and working conditions, including medical chart
information confirmed by physicians. Patients admitted to a JOHAS Group hospital between 1 April 2005 and
31 March 2021 were included in this study, and screen and sedentary times were obtained through interviews at
each hospital based on a formatted questionnaire. All information in the ICOD-R was registered with the health
information manager at each hospital. Informed written consent was obtained from all participants. From 2016
onwards, the consent acquisition method was changed to broad consent (opt-out). This study adhered to the
tenets of the Declaration of Helsinki and conformed to the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) checklist'. Access to the dataset was granted by a research agreement between the
JOHAS and the researchers. This study was approved by the JOHAS (approval no. R1-006) and the Research
Ethics Committee of Tokai University School of Medicine (approval no. 18R-309). Patients or the public were
not involved in the design, or conduct, or reporting, or dissemination plans of our research.

All occupations and industries in this study were classified based on the Japan Standard Occupational
Classification (JSOC) and the Japan Standard Industrial Classification (JSIC). All occupations were classified
into 11 JSOC groups (A-K) as follows: A: Administrative and managerial workers, B: Professional and
engineering, C: Clerical workers, D: Sales workers, E: Service workers, F: Security workers, G: Agriculture,
forestry and fishery workers, H: Manufacturing process workers, I: Transport workers and machinery operators,
J: Construction and mine workers, and K: Carrying and cleaning workers. All industries were classified into 19
JSIC groups (A-S) as follows: A: Agriculture and forestry, B: Fisheries, C: Mining and quarrying of stone, D:
Construction, E: Manufacturing, F: Electricity, gas, heat supply, and water, G: Information and communications,
H: Transport and postal services, I: Wholesale and retail trade, J: Finance and insurance, K: Real estate and
goods rental and leasing, L: Scientific research, professional and technical services, M: Accommodations, eating
and drinking services, N: Living-related and personal services and amusement services, O: Education, learning
support, P: Medical, health care and welfare, Q: Postal services and industrial cooperatives, R: Other services,
and S: Government, except elsewhere classified. Regarding these occupational data, we obtained the current and
three past statuses, which reflect the lifetime occupational history to a reasonable degree.

We evaluated screen and sedentary times among 41,718 patients admitted from 2019 to 2021 without missing
values and with occupational information (the current occupations), as shown in Supplemental Fig. 1 (DATA 1).
The JEMs were developed in three steps. First, questionnaire responses (1: 0-1h, 2: 1-4 h, 3: 4-8 h, 4: 8-12 h, 5:
>12 h) were converted to continuous quantities (0.5, 2.5, 6, 10, and 14 h) for screen and sedentary times. Second,
we calculated the adjusted mean values of screen and sedentary times using analysis of co-variance adjusted for
age and sex according to 143 occupational groups (limited to groups with at least 5 people) classified using JSOC
and JSIC. Finally, the 143 groups were classified into three classes (V1-V3 and S1-S3) based on tertiles of the
adjusted mean values, in line with a widely used epidemiological approach.

Applying JEMs-derived screen and sedentary times to the longest-held occupations, we conducted a
case-control study including 727,589 patients admitted from 2005 to 2021 with occupational information, as
presented in Supplemental Fig. 1 (DATA 2). Clinical diagnoses were coded according to the World Health
Organization’s International Statistical Classification of Diseases and Related Health Problems, 10th revision
(ICD-10). Multiple analyses were performed independently for each ocular disease.

Cases were selected from the following ocular diseases with sufficient sample sizes (N> 100 before case-
control matching) excluding symptoms: cataract (ICD-10=H25.0, H25.1, H25.2, H25.8, H25.9, H26.9), primary
open-angle glaucoma (POAG) (H40.1, H40.9), primary angle-closure glaucoma (H40.2), rhegmatogenous
retinal detachment (RRD) (H33.0), ptosis (H02.4), eyelid entropion (H02.0), optic neuritis or neuropathy (ON)
(H46.X), Vogt-Koyanagi-Harada disease (H30.8), pterygium (H11.0), diabetic retinopathy (DR) (H36.0),
retinal vein occlusion (H34.8), and retinal artery occlusion (RAO) (H34.0, H34.1, H34.2).

Controls were selected based on the methodology described in previous studies!®!®. We considered potential
controls from several combinations of patients. They included patients admitted for the treatment of diseases
of the skin and subcutaneous tissue (L00-L99), musculoskeletal system and connective tissue (M00-M99), or
genitourinary system (N00-N99). Among them, we excluded those with a history of ophthalmic conditions
(HO00-H59). We randomly selected one control participant for each case, matched by sex (male or female), age
(same strata in 5 years), admission date (same year), and admitting hospital (34 hospitals). None of the controls
were matched more than once.

Applying conditional logistic regression for cases and matched controls, we calculated odds ratios (ORs) and
95% confidence intervals (Cls) of the prevalence of ocular diseases. We considered various confounding factors
such as drinking (Never, Before, or Now), smoking (Never, Before, or Now), and lifestyle-related comorbidities
(Yes or No; hypertension, diabetes, dyslipidemia, CVDs, and obesity). All analyses were performed using SAS
version 9.4 for Windows (SAS Institute, Cary, NC, USA).
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Results

To develop the JEMs, we enrolled 307,462 patients admitted between 1 April 2019 and 31 March 2021, as shown
in Supplemental Fig. 1 (DATA 1). We assessed screen and sedentary times among 41,718 patients with adequate
occupational and industrial information. The mean values of screen and sedentary times in this population
were 3.4+ 1.3 and 4.8+ 1.2 h, respectively. Adjusted mean values of screen/sedentary time for 143 occupational
groups are shown in Supplemental Table 1.

In Fig. 1A, the adjusted mean values of screen time are classified into three classes (V1-V3) based on tertiles
and illustrated with different colours. The adjusted mean values of screen time for the V1, V2, and V3 classes
were 2.3+0.2,3.2+0.3, and 5.3 +£0.8 h, respectively.

Furthermore, in Fig. 1B, the adjusted mean values of sedentary time are classified into three classes (S1-S3)
based on tertiles and illustrated similarly. The adjusted mean values of sedentary time for the S1, S2, and S3
classes were 3.8+0.3, 4.7 +0.4, and 6.5+ 0.5 h, respectively.

For the case-control study, we enrolled 727,589 patients admitted between 1 April 2005 and 31 March
2021, as presented in Supplemental Fig. 1 (DATA 2). Patient characteristics are shown in Table 1. Differences
in the backgrounds among groups based on the JEMs suggested the need to adjust for several confounding
variables; however we addressed this through matching and a multivariate analysis. The associations between
exposures (screen time and sedentary time) derived from the JEMs and the prevalence of ocular diseases are
presented in Tables 2 and 3, respectively. Moreover, the ORs adjusted for drinking, smoking, and lifestyle-related
comorbidities are shown in Model 2 of both tables.

Table 2 presents the association between screen time and some ocular diseases. Compared with the V1 class,
the V3 class with the highest screen time exposure was more significantly associated with cataract (OR 1.05,
95% CI 1.01-1.09), POAG (1.24, 1.06-1.45), RRD (1.26, 1.06-1.49), ptosis (1.49, 1.26-1.76), pterygium (0.39,
0.27-0.57), DR (0.76, 0.66-0.87), and RVO (0.72, 0.55-0.95).

Table 3 presents the association between sedentary time and some ocular diseases. Compared with the S1
class, the S3 class with the highest sedentary time exposure was significantly associated with cataract (1.05, 1.01-
1.09), RRD (1.24, 1.05-1.46), ptosis (1.68, 1.42-1.99), ON (2.41, 1.28-4.54), and pterygium (0.60, 0.42-0.84).

Table 4 summarises the differences in the prevalence of each ocular disease among the purely sedentary
groups (JSOC-JSIC; F-E, F-K, F-M, I-D, I-H, I-N, and I-O) in which sedentary time was high (S3 class);
however, screen time exposure was low (V1 class). These groups had a significant association with DR (1.61,
1.27-2.03) and RVO (1.74, 1.06-2.84).

The results of the sensitivity analysis are presented for the population from 2013 to 2021 in Supplemental
Tables 2, 3, and 4. Our intention is to consider the differences in investigation periods between JEM development
and the case-control studies. These results are nearly consistent with those from the main analysis.

Discussion

We developed JEMs for screen and sedentary times, and subsequently investigated the associations between
screen and sedentary times (derived from JEMs) and ocular diseases by applying JEM:s to existing occupational
history databases spanning several years. Consequently, the results for screen and sedentary times were mostly
similar, although interestingly, only screen time was associated with POAG and only sedentary time was
associated with ON and RAO.

Differences in screen and sedentary times according to occupations

Identifying occupations with excessively long screen time or sedentary time would be of great interest from an
occupational health perspective, allowing focused study of these occupations and providing remedial guidance.
Our results showed that different occupations had dissimilar screen times or sedentary times, and the exposure
trends for both indicators were consistent for most occupations. However, an interesting point of our results
was that despite their similar exposures, there were some occupations where the trends of both exposures
diverged (Supplemental Fig. 2). For example, in certain groups (JSOC-JSIC; F-E, F-K, F-M, I-D, I-H, I-N,
and I-O), sedentary time was high (S3 class); however, screen time exposure was low (V1 class). Specifically,
the occupations with a lower ratio of screen time than that of sedentary time were as follows: office security
guards, fishermen, professional drivers, producers of agricultural products and metal materials, and printing
and bookbinding suppliers.

Relationship of ocular diseases with screen and sedentary times assessed using JEMs
The study results revealed associations between several ocular diseases and screen/sedentary time derived from
JEM.

Cataract was positively associated with both screen and sedentary times, which might be explained by social
factors. For instance, the causal relationship may be that office workers (with a higher screen time or sedentary
time) are sensitive to changes in vision quality. Owing to work-related inconvenience, these workers might
undergo cataract surgery as early as possible.

POAG had a significant positive association with screen time and no association with sedentary time. The
difference between the two results may have involved the effects of blue light from the screen or accommodative
demand in near work. As for screen time, prolonged computer work is reportedly a risk factor for visual field
disorders and possibly associated with a risk of glaucoma®?. Recent studies including an adult population
revealed an association between screen time and axial elongation or myopia!”!8. Generally, myopia is associated
with glaucoma'®*. During near work, both eye positions are more adducted than in viewing at a distance, and
higher straining of the optic nerve due to adduction may cause structural damage to lamina cribrosa, possibly
leading to glaucoma incidence?!. Additionally, temporary intraocular pressure changes after near tasks have
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A. screen time

B. sedentary time

Occupations Occupations
A B C D E F G H I 31 K A B C D E F G H 1 1 K
A[vi|vi|v2 Vi Vi A [s1]s1]|s2 S1 S1
B [ Vv3 Vi B [ S1 S1
C Vi C S1
D [v2]v3|[Vv3]|v2 vi|vi|vi|vi|vi D [s2|s2[s3]s2 S1|s1|s3|s1|s1
E|[v3|v3|[v3|[v3|vi]|v1 vi|vi|v2]|vi E[s2|s3[s3]|s2|s1]s3 S1s2|s2]s1
F|v3|[v3|v3]|v3 V2 V2 V2 F [s2|s2]s3]s3 s3 S2 S1
G |[v3|[v3|[v3]|v3 V3 V2 G |S3[s3|s3|s3 s3 S2
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M([v2]v2]va]|v2|vi]vi V2 Vi M ([s2]|s2|s3|s1]|s1]|s3 S3 S1
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o|[v2]v2|v3 Vi | v2 v2 [ vi Vi 0 [s2]s2]s3 s2 | s1 s2 | s3 S1
Pplva|[v2[v3a|v2[vi]v2 v2 [ vi Vi P|[s2[s2[s3][s2]s1]s2 s2 | s1 S2
Qva|v2[v3|v2|vi vi|vi Vi Q[s2[s2|s3[s1]s1 S1 | s1 S1
R|v2|v2|v3|[v3|[v2|[vi|vi|v2|[vi|v2]|wvi R [S2|s2|s3|s2[s1|s2|s1|s2]|s2]s2]s1
s [v3|v3]|v3 v2 | v2 v3 | v2 V2 s [ s3|s3]s3 Ss1 | s2 s3 | s1 S1
V1 = Low S1=Low
V2 = Middle S2 = Middle
V3= High $3 = High

Japan standard occupational classification (A-K)
: Administrative and managerial workers
Professional and engineering

Clerical workers

Sales workers

Service workers

Security workers

Agriculture, forestry and fishery workers
Manufacturing process workers.

Transport workers and machinery operators
Construction and mine workers

Carrying and cleaning workers
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Japan standard industrial classification (A-S)
Agriculture and forestry
Fisheries
Mining and quarrying of stone
Construction
Manufacturing
Electricity, gas, heat supply and water
Information and communications
Transport and postal services
Wholesale and retail trade
Finance and insurance
Real estate and goods rental and leasing
Scientific research, professional and technical services
Accommodations, eating and drinking services
Living-related and personal services and amusement services
Education, learning support
Medical, health care and welfare
Postal services and industrial cooperatives
Other services
Government, except elsewhere classified

Figure 1. Job-exposure matrices for screen and sedentary times. (A) is a job-exposure matrix (JEM) for screen
time and (B) is a JEM for sedentary time. To develop JEMs, we evaluated the screen time and sedentary time
of 41,718 patients without missing values and with occupational information. We calculated the adjusted
means of screen time and sedentary time using an analysis of co-variance adjusted for age and sex according

to 143 occupational groups (limited to groups with at least 10 people) classified based on the Japan Standard
Occupational Classification and the Japan Standard Industrial Classification. All occupational groups were
classified into three exposure levels (V1 [low]-V3 [high] or S1[low]-S3 [high]) based on the tertiles of the

adjusted means

been reported?>?. Intraocular pressure fluctuations due to frequent near tasks may affect the incidence of
glaucoma?*?*. Although the influence of blue light on the retina or optic nerve is controversial®®, light stimulation
may be harmful to retinal ganglion cells?”.

RRD had a significant positive association with screen and sedentary times. The first concern about this
result may be the association with exercise. Although occupations involving heavy lifting are risk factors for
RRD?, there have been no definite findings on whether exercise supports or undermines RRD. During near
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Screen time Sedentary time
Total V1 (low) V2 (middle) | V3 (high) S1 (low) S2 (middle) | S3 (high)

Total

N 727,589 350,245 180,418 196,926 365,881 161,029 200,679

Age

mean years+SD | 64.5+12.5 66.0+12.2 63.6+12.6 62.6+12.4 65.9+12.4 63.6+12.4 62.7+12.4

Men

N (%) 480,161 (66.0) | 236,934 (67.7) | 109,163 (60.5) | 134,064 (68.1) | 230,532 (63.0) | 110,854 (68.8) | 138,775 (69.2)

Hypertension N (%

234,596 (32.2) | 114,767 (32.8) | 57,197 (31.7) | 62,632 (31.8) | 118,616 (32.4) | 52,339 (32.5) | 63,641 (31.7)

Diabetes

N (% 101,252 (13.9) | 47,927 (13.7) | 25,568 (14.2) | 27,757 (14.1) | 48,758 (13.3) |23,985(14.9) | 28,509 (14.2)

Obesity

)
)

Dyslipidemia N (%) 83,550 (11.5) | 31,264 (8.9) 23,910 (13.3) | 28,376 (14.4) | 33,706 (9.2) 22,870 (14.2) | 26,974 (13.4)
)

N (% 89,355 (12.3) | 35,712 (10.2) |24,317(13.5) |29,326 (14.9) | 37,626 (10.3) |23,400 (14.5) |28,329 (14.1)

Cardiovascular
diseases

N (%) 30,772 (4.2) 17,301 (4.9) 6859 (3.8) 6612 (3.4) 17,437 (4.8) 6015 (3.7) 7320 (3.7)

Drinking, never | N (%

239,960 (33.0) | 125,386 (35.8) | 60,143 (33.3) | 54,431 (27.6) | 135,431 (37.0) | 47,270 (29.4) | 57,259 (28.5)

before

74,408 (10.2) | 39,333 (11.2) | 16,588(9.2) 18,487 (9.4) 39,450 (10.8) | 15,416 (9.6) 19,542 (9.7)

now

413,221 (56.8) | 185,526 (53.0) | 103,687 (57.5) | 124,008 (63.0) | 191,000 (52.2) | 98,343 (61.1) | 123,878 (61.7)

Smoking, never | N (%

303,725 (41.7) | 141,230 (40.3) | 81,231 (45.0) | 81,264 (41.3) | 157,394 (43.0) | 65,313 (40.6) | 81,018 (40.4)

before

now

249,632 (34.3) | 115,804 (33.1) | 60,299 (33.4) | 73,529 (37.3) | 117,316 (32.1) | 59,069 (36.7) | 73,247 (36.5)
174,232 (24.0) | 93,211 (26.6) | 38,888 (21.6) | 42,133 (21.4) | 91,171 (24.9) | 36,647 (22.8) | 46,414 (23.1)

Table 1. Characteristics of patients in DATA 2 stratified by levels of screen time or sedentary time.
Abbreviation: N, number; SD, standard deviation. Continuous variables are shown as mean + SD. Categorical
variables are shown as number (percentages). The time range for V1-V3 and S1-S3 group is “1.64 to 2.57”, “2.63
t0 4.05”, “4.11 to 7.84”, “2.67 to 4.27”, “4.29 to 5.40”, and “5.45 to 8.16” hour per day respectively.

work, contraction of the ciliary smooth muscle by accommodative demand applies an inward pull force to the
choroid and sclera, leading to transient axial elongation and choroidal thinning?®-3!. This structural change may
trigger posterior vitreous detachment and RRD. Additionally, screen time may be associated with myopia!”"15,
and myopia is generally a risk factor for RRD'%32,

Ptosis had a significant positive association with screen and sedentary time. One possibility is that diabetes
may serve as a mediator of this association, given the high prevalence of diabetes among classes with the highest
screen time or sedentary time (Table 1). Diabetes is a well-known cause of oculomotor nerve palsy and is
positively associated with ptosis*>. However, we compared both models 1 and 2 to confirm that the association
trends remained consistent. Additionally, VDT work may be associated with myopia!”!8. Many patients with
myopia use contact lenses, which are a risk factor for ptosis®.

Pterygium was negatively associated with screen and sedentary times. The influence of sunlight could
reasonably explain both results. In general, sunlight is a positively associated factor for pterygium?>. Thus, indoor
workers (with higher screen and sedentary times) may have less exposure to sunlight than outdoor workers,
leading to a lower risk of pterygium. The same logic could be considered for cataract; however, in this study,
cataract was more common among indoor workers, indicating that the result was largely due to social factors,
such as inconvenience of visual function and access to surgery, as has been mentioned.

ON was positively associated with sedentary time, and DR and RVO were positively associated with purely
sedentary groups. In assessing these associations regarding arteriosclerotic diseases, diabetes and dyslipidemia
may serve as mediators, considering the higher prevalence of diabetes and dyslipidemia in the class with the
highest sedentary time or purely sedentary groups (Table 1). It is curious that DR and RVO were less likely to
develop in the class with the highest screen time, despite the higher prevalence of diabetes and dyslipidemia;
however, we compared both models 1 and 2 to ensure the robustness of the association trends. To understand
this phenomenon, further research is warranted on the potential mechanisms linking screen time and retinal
blood flow.

Study strengths and limitations

Our study had several strengths. First, to the best of our knowledge, this is the first report to clarify the
differences in screen and sedentary times according to occupations. Therefore, identifying occupations with
excessive exposure would allow us to focus on these occupations and provide remedial guidance. Second, this
large-scale multicenter study included large samples of various ocular diseases, by leveraging JEM and extensive
occupational information datasets. Despite the small effect sizes in certain diseases, this study was positioned
as exploratory research investigating various ocular diseases comprehensively; our results emphasize the need
for further empirical studies on specific diseases. Third, this study adjusted for some confounding factors such
as lifestyle-related comorbidities (hypertension, diabetes, dyslipidemia, and CVDs), smoking, and drinking.
Finally, the quantitative evaluation of screen and sedentary times revealed a dose-response association with
ocular diseases.

Our study also had certain limitations. First, non-differential misclassification of ocular diseases for both cases
and controls may have introduced selection bias in either direction (toward or away from the null hypothesis).
Moreover, certain ocular diseases’ codes such as cataract (H26.9), POAG (H40.9), ptosis (H02.4), ON (H46) may
be subject to potential misclassification of subcategories; however, we confirmed that the specific pathological
conditions (e.g., infantile cataract, secondary glaucoma, congenital ptosis and multiple sclerosis) accounted
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Model 1 Model 2
Diseases (ICD-10 code) Screen time | Controls, N (%) | Cases, N (%) | OR | (95% CI) OR | (95% CI) P for trend
cataract V1 (short) 17,192 (48.4) 16,884 (47.6) | 1.00 | (reference) 1.00 | (reference)

V2 (middle) | 8773 (24.7) 8631 (24.3) | 1.00 | (0.97-1.04) | 1.00 | (0.96-1.04)

(H25.0, H25.1, H25.2, H25.8, H25.9, H26.9)

V3 (long) 9524 (26.8) 9974 (28.1) 1.05 | (1.01-1.09) | 1.05 | (1.01-1.09) | 0.03
primary open-angle glaucoma V1 (short) 1117 (52.4) 1032 (48.4) 1.00 | (reference) 1.00 | (reference)

V2 (middle) | 512 (24.0) 525 (24.6) 112 | (0.96-1.30) |1.14 | (0.98-1.32)

(H40.1, H40.9)

V3 (long) 504 (23.6) 576 (27.0) 1.26 | (1.08-1.46) | 1.24 | (1.06-1.45) | 0.01
primary angle-closure glaucoma V1 (short) 157 (51.1) 167 (54.4) 1.00 | (reference) 1.00 | (reference)

V2 (middle) |77 (25.1) 70 (22.8) 0.85 | (0.56-1.27) | 0.80 | (0.52-1.23)
(H10.2) V3 (long) 73 (23.8) 70 (22.8) 0.90 | (0.60-1.34) | 0.92 | (0.60-1.41) | 0.80
rhegmatogenous retinal detachment V1 (short) 780 (43.0) 712 (39.2) 1.00 | (reference) 1.00 | (reference)

V2 (middle) |473(26.1) 480 (26.4) 1.12 | (0.95-1.33) | 1.12 | (0.94-1.33)
(H33.0) V3 (long) | 562 (31.0) 623 (34.3) 1.24 | (1.06-1.46) | 1.26 | (1.06-1.49) | 0.01
ptosis V1 (short) 833 (49.2) 720 (42.5) 1.00 | (reference) 1.00 | (reference)

(H02.4) V2 (middle) |449 (26.5) 460 (27.2) 1.17 | (0.998-1.38) | 1.17 | (0.996-1.38)

V3 (long) | 412(24.3) 514 (30.3) 1.46 | (1.24-1.73) | 1.49 | (1.26-1.76) | <0.01
eyelid entropion V1 (short) 149 (50.3) 158 (53.4) 1.00 | (reference) 1.00 | (reference)
(H02.0) V2 (middle) | 66 (22.3) 64 (21.6) 0.91 | (0.60-1.39) | 1.03 | (0.66-1.61)

V3 (long) | 81(27.4) 4(25.0) 0.85 | (0.56-1.28) |0.92 | (0.59-1.42) |0.73
optic neuritis V1 (short) 77 (46.1) 8 (46.7) 1.00 | (reference) 1.00 | (reference)
(H46.) V2 (middle) |59 (35.3) 0 (24.0) 0.67 | (0.38-1.18) | 0.66 | (0.36-1.21)

V3 (long) | 31(18.6) 49 (29.3) 1.46 | (0.81-2.61) |1.40 |(0.75-2.61) |0.26
Vogt-Koyanagi-Harada disease V1 (short) 39 (41.9) 4 (47.3) 1.00 | (reference) 1.00 | (reference)

(H30.8) V2 (middle) |32 (34.4) 9(20.4) 0.54 | (0.25-1.15) |0.69 | (0.30-1.57)

V3 (long) | 22(23.7) 30 (32.3) 118 | (0.53-2.60) |1.65 |(0.69-3.97) |0.28
pterygium V1 (short) 210 (48.8) 292 (67.9) 1.00 | (reference) 1.00 | (reference)
(H11.0) V2 (middle) | 102 (23.7) 66 (15.3) 0.43 | (0.29-0.63) | 0.41 | (0.27-0.61)

V3 (long) 118 (27.4) 72 (16.7) 0.43 | (0.30-0.61) | 0.39 | (0.27-0.57) |<0.01
diabetic retinopathy V1 (short) 2821 (44.8) 3069 (48.8) 1.00 | (reference) 1.00 | (reference)
(H36.0) V2 (middle) | 1583 (25.2) 1647 (26.2) 0.95 | (0.87-1.04) | 0.85 | (0.74-0.98)

V3 (long) 1886 (30.0) 1574 (25.0) 0.76 | (0.70-0.83) | 0.76 | (0.66-0.87) | <0.01
retinal vein occlusion V1 (short) 314 (45.8) 355 (51.8) 1.00 | (reference) 1.00 | (reference)
(H34.8) V2 (middle) | 172 (25.1) 155 (22.6) 0.78 | (0.59-1.02) |0.76 | (0.57-1.003)

V3 (long) 199 (29.1) 175 (25.5) 0.76 | (0.59-0.99) | 0.72 | (0.55-0.95) | 0.02
retinal artery occlusion V1 (short) 146 (47.4) 143 (46.4) 1.00 | (reference) 1.00 | (reference)

V2 (middle) | 88 (28.6) 72(23.4) 0.84 | (0.56-1.25) |0.84 | (0.54-1.32)

(H34.0, H34.1, H34.2)
V3 (long) 74 (24.0) 93(30.2) 1.30 | (0.87-1.93) 1.14 | (0.73-1.79) 0.62

Table 2. Association between ocular diseases and screen time derived from JEM. Abbreviation: JEM, job-
exposure matrix; OR, odds ratio; CI, confidence interval. Model 1= Conditional logistic regression matched
for sex, age, admission date, and hospital. Model 2 = Additionally adjusted for smoking history, hypertension,
hyperlipidemia, diabetes, and obesity. P for trend was calculated by converting each drinking status into
continuous variables. The time range for V1-V3 group is “1.64 to 2.57”, “2.63 to 4.05”, and “4.11 to 7.84” hour
per day respectively.

for less than a few percent of the total cases. Second, we used JEM-derived variables to assess VDT work and
sedentary work exposure indirectly because of the insufficient sample size of raw variables. This might have
confounded the characteristics of the occupations. Third, exposures obtained through a questionnaire survey
may be subject to recall bias. Moreover, JEM-derived exposures could not evaluate the frequency of personal
smartphone and computer use. However, this survey was conducted by trained investigators, which enhances
its validity. Fourth, our study was hospital-based, including only inpatient data, which is subject to selection
bias regarding the controls (e.g., Berkson’s bias). To mitigate this, we selected controls by matching cases with
patients admitted to the same hospital in the same period. Moreover, our dataset includes core hospitals in
regions throughout Japan; therefore, the cases and controls were likely drawn from the same large community
population. Finally, we did not obtain data regarding family history, myopic status, intraocular pressure, although
these are potential confounders or mediators for certain results.

In conclusion, the JEMs devised in the study provided a practical methodology for elucidating the risk of
various ocular diseases based on occupational information. The JEMs showed the exposure risks for screen
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Model 1 Model 2
Diseases (ICD-10 code) Sedentary time | Controls, N (%) | Cases, N (%) | OR | (95% CI) OR | (95% CI) P for trend
cataract S1 (short) 18,117 (51.0) 17,759 (50.0) | 1.00 | (reference) 1.00 | (reference)

S2 (middle) 7900 (22.3) 7773 (21.9) | 1.00 | (0.96-1.04) |0.99 | (0.95-1.03)
(H25.0, H25.1, H25.2, H25.8, H25.9, H26.9)

S3 (long) 9472 (26.7) 9957 (28.1) 1.05 | (1.01-1.09) 1.05 | (1.01-1.09) | 0.01
primary open-angle glaucoma S1 (short) 1160 (54.4) 1096 (51.4) 1.00 | (reference) 1.00 | (reference)

S2 (middle) 458 (21.5) 468 (21.9) 1.09 | (0.93-1.28) | 1.10 | (0.94-1.30)
(H40.1, H40.9)

S3 (long) 515 (24.1) 569 (26.7) 1.18 | (1.02-1.37) 1.14 | (0.98-1.33) | 0.07
primary angle-closure glaucoma S1 (short) 173 (56.4) 177 (57.7) 1.00 | (reference) 1.00 | (reference)

S2 (middle) 56 (18.2) 52 (16.9) 0.90 | (0.58-1.41) |0.90 | (0.56-1.42)
#H402) S3 (long) 78 (25.4) 78 (25.4) 0.98 | (0.66-1.44) 1.04 | (0.70-1.56) | 0.86
rhegmatogenous retinal detachment S1 (short) 854 (47.1) 795 (43.8) 1.00 | (reference) 1.00 | (reference)

$2 (middle) 421 (23.2) 418 (23.0) 1.09 | (0.91-1.29) | 1.08 | (0.90-1.29)
(#33.0) $3 (long) 540 (29.8) 602 (33.2) 1.22 | (1.04-1.43) |1.24 | (1.05-1.46) | 0.02
ptosis S1 (short) 904 (53.4) 722 (42.6) 1.00 | (reference) 1.00 | (reference)
(H02.4) S2 (middle) 378 (22.3) 437 (25.8) 1.45 | (1.22-1.72) 1.46 | (1.22-1.73)

$3 (long) 412 (24.3) 535 (31.6) 1.65 | (1.40-1.95) | 1.68 | (1.42-1.99) | <0.01
eyelid entropion S1 (short) 150 (50.7) 148 (50.0) 1.00 | (reference) 1.00 | (reference)
(H02.0) S2 (middle) 55 (18.6) 56 (18.9) 1.04 | (0.66-1.62) 1.10 | (0.69-1.77)

S3 (long) 91 (30.7) 92 (31.1) 1.03 | (0.70-1.51) | 1.05 | (0.70-1.58) | 0.76
optic neuritis S1 (short) 90 (53.9) 81 (48.5) 1.00 | (reference) 1.00 | (reference)
(H46.X) S2 (middle) 49 (29.3) 33 (19.8) 0.81 | (0.46-1.41) 0.84 | (0.47-1.50)

$3 (long) 28 (16.8) 53 (31.7) 2.12 | (1.18-3.80) | 2.41 | (1.28-4.54) | 0.01
Vogt-Koyanagi-Harada disease S1 (short) 46 (49.5) 47 (50.5) 1.00 | (reference) 1.00 | (reference)
(H30.8) S2 (middle) 28 (30.1) 11(11.8) 0.48 | (0.21-1.07) 0.55 | (0.23-1.30)

$3 (long) 19 (20.4) 35 (37.6) 1.69 | (0.79-3.60) | 220 | (0.97-5.01) | 0.06
pterygium S1 (short) 213 (49.5) 263 (61.2) 1.00 | (reference) 1.00 | (reference)
(H11.0) S2 (middle) 96 (22.3) 72 (16.7) 0.59 | (0.41-0.86) | 0.55 | (0.37-0.81)

$3 (long) 121 (28.1) 95 (22.1) 0.63 | (0.46-0.88) | 0.60 | (0.42-0.84) | <0.01
diabetic retinopathy S1 (short) 2919 (46.4) 3118 (49.6) 1.00 | (reference) 1.00 | (reference)
(H36.0) S2 (middle) 1504 (23.9) 1394 (22.2) 0.86 | (0.79-0.95) | 0.77 | (0.66-0.89)

S3 (long) 1867 (29.7) 1778 (28.3) 0.89 | (0.82-0.96) | 0.92 | (0.8-1.05) 0.10
retinal vein occlusion S1 (short) 336 (49.1) 356 (52.0) 1.00 | (reference) 1.00 | (reference)
(H34.8) S2 (middle) 156 (22.8) 142 (20.7) 0.84 | (0.63-1.12) 0.84 | (0.62-1.12)

S3 (long) 193 (28.2) 187 (27.3) 0.90 | (0.70-1.16) 0.88 | (0.68-1.14) | 0.38
retinal artery occlusion S1 (short) 155 (50.3) 140 (45.5) 1.00 | (reference) 1.00 | (reference)

S2 (middle) 78 (25.3) 69 (22.4) 1.01 | (0.68-1.51) 1.02 | (0.65-1.59)
(H34.0, H34.1, H34.2)

S3 (long) 75 (24.4) 99 (32.1) 1.49 | (1.003-2.20) | 1.32 | (0.85-2.07) |0.23

Table 3. Association between ocular diseases and sedentary time drived from JEM. Abbreviation: JEM, job-
exposure matrix; OR, odds ratio; CI, confidence interval. Model 1= Conditional logistic regression matched
for sex, age, admission date, and hospital. Model 2 = Additionally adjusted for smoking history, hypertension,
hyperlipidemia, diabetes, and obesity. P for trend was calculated by converting each drinking status into
continuous variables. The time range for S1-S3 group is “2.67 to 4.27”, “4.29 to 5.40”, and “5.45 to 8.16” hour
per day respectively.

and sedentary times according to occupational group. The degrees of screen time and sedentary time exposures
were consistent for most occupations; however, some occupations differed in their exposures to both. This study
revealed that high screen and sedentary times were positively associated with cataract, RRD, and ptosis and
negatively associated with pterygium. Interestingly, POAG had a positive association only with screen time.
Further studies on background mechanisms are warranted.
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Model 1 Model 2

Diseases (ICD-10 code) Group | Controls, N (%) | Cases, N (%) | OR | (95% CI) OR | (95% CI)
V1

cataract and 1605 (4.5) 1659 (4.7) 1.00 | (0.93-1.07) |0.99 |(0.92-1.07)
S3

(H25.0, H25.1, H25.2, H25.8, H25.9, H26.9) | others | 33,884 (95.5) 33,830 (95.3) | 1.00 | (reference) 1.00 | (reference)
V1

primary open-angle glaucoma and 100 (4.7) 87 (4.1) 0.86 | (0.63-1.16) |0.82 | (0.60-1.13)
S3

(H40.1, H40.9) others | 2033 (95.3) 2046 (95.9) 1.00 | (reference) 1.00 | (reference)
Vi

primary angle-closure glaucoma and 16 (5.2) 12 (3.9) 0.71 | (0.32-1.61) | 0.79 | (0.34-1.84)
S3

(H40.2) others | 291 (94.8) 295 (96.1) 1.00 | (reference) 1.00 | (reference)
Vi

rhegmatogenous retinal detachment and 83 (4.6) 79 (4.4) 0.95 | (0.69-1.30) | 0.98 | (0.71-1.36)
S3

(H33.0) others | 1732 (95.4) 1736 (95.6) 1.00 | (reference) 1.00 | (reference)
Vi

ptosis and 69 (4.1) 92 (5.4) 1.35 | (0.98-1.85) 1.33 | (0.96-1.83)
S3

(H02.4) others | 1625 (95.9) 1602 (94.6) 1.00 | (reference) 1.00 | (reference)
V1

eyelid entropion and 21(7.1) 27 (9.1) 1.30 | (0.73-2.33) 1.14 | (0.61-2.13)
S3

(H02.0) others | 275 (92.9) 269 (90.9) 1.00 | (reference) 1.00 | (reference)
V1

optic neuritis and 4(2.4) 9 (5.4) 2.25 | (0.69-7.31) |3.07 | (0.86-10.95)
S3

(H46.X) others | 163 (97.6) 158 (94.6) 1.00 | (reference) 1.00 | (reference)
V1

Vogt-Koyanagi-Harada disease and 3(3.2) 5(5.4) 2.00 | (0.37-10.92) | 1.54 | (0.27-8.84)
S3

(H30.8) others | 90 (96.8) 88 (94.6) 1.00 | (reference) 1.00 | (reference)
Vi1

pterygium and 24 (5.6) 37 (8.6) 1.62 |(0.94-2.79) | 1.68 |(0.96-2.92)
S3

(H11.0) others | 406 (94.4) 393 (91.4) 1.00 | (reference) 1.00 | (reference)
Vi

diabetic retinopathy and 339 (5.4) 490 (7.8) 1.49 | (1.29-1.72) | 1.61 | (1.27-2.03)
S3

(H36.0) others | 5951 (94.6) 5800 (92.2) 1.00 | (reference) 1.00 | (reference)
Vi

retinal vein occlusion and 28 (4.1) 45 (6.6) 1.63 | (1.01-2.63) | 1.74 | (1.06-2.84)
S3

(H34.8) others | 657 (95.9) 640 (93.4) 1.00 | (reference) 1.00 | (reference)
Vi

retinal artery occlusion and 17 (5.5) 18 (5.8) 1.07 | (0.53-2.16) | 1.40 | (0.65-2.99)
S3

(H34.0, H34.1, H34.2) others | 291 (94.5) 290 (94.2) 1.00 | (reference) 1.00 | (reference)

Table 4. Association between ocular diseases and the purely sedentary group (V1 and S3). Abbreviation:
OR, odds ratio; CI, confidence interval. Model 1 = Conditional logistic regression matched for sex,

age, admission date, and hospital. Model 2 = Additionally adjusted for smoking history, hypertension,
hyperlipidemia, diabetes, and obesity. V1 means low screen time levels, and S3 means high sedentary levels
assessed using a job-exposure matrix. The time range for V1 and S3 group is “1.64 to 2.57” and “5.45 to 8.16”
hour per day respectively.
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The datasets used and/or analysed during the current study available from the corresponding author on reason-
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